We present a calculation of the β-term for D * → Dγ within a heavy-light chiral quark model. Within the model, soft gluon effects in terms of the gluon condensate with lowest dimension are included. Also, calculations of 1/m c corrections are performed. We find that the value of β is rather sensitive to the constituent quark mass compared to other quantities calculated within the same model. Also, to obtain a value close to the experimental value, one has to choose a constituent light quark mass larger than for other quantities studied in previous papers. For a light quark mass in the range 250 to 300 MeV and a quark condensate in the range -(250 -270 MeV) 3 we find the value (2.5 ± 0.6) GeV −1 . This value is in agreement with the value of β extracted from experiment (2.7 ± 0.2) GeV −1 .
I. INTRODUCTION
Strong and electromagnetic interactions involving heavy and light mesons and photons may be described by heavy-light chiral Lagrangians [1] . Such Lagrangians are determined by chiral symmetry in the light sector in addition to heavy quark symmetry. However, the coupling constants of the terms in the Lagrangian are in general unknown. In this paper we focus on the so called β-term for D * → Dγ, which is studied in [2, 3, 4] . This term in the Lagrangian is also relevant for calculation of processes like D 0 → 2γ [5] , and D 0 → e + e − γ [6] .
Within chiral perturbation theory alone, the value of β is not determined. In this paper we will calculate the β-term to order 1/m c within a Heavy-Light Chiral Quark Model (HLχQM)
developed recently [7] . This model belongs to a class of quark loop models [8, 9, 10] where * Electronic address: aksel.hiorth@fys.uio.no; Electronic address: j.o.eeg@fys.uio.no the quarks couple directly to the mesons at the scale of chiral symmetry breaking Λ χ of order 1 GeV. In contrast to most other versions of such models, our version also incorporates soft gluon effects in terms of the gluon condensate with lowest dimension [7, 11, 12, 13, 14, 15, 16] .
At quark level the Lagrangian of our model [7] includes the Lagrangian for Heavy Quark
Effective Field Theory (HQEFT) [17] . This means that 1/m c corrections can be calculated within the model. It has been problematic to pin down a precise value for β, and chiral loop contributions to D * → Dγ are sizeable [2, 3, 4] . This may indicate that the chiral expansion will be problematic for β.
II. THE VALUE OF β EXTRACTED FROM EXPERIMENT
The width of the D * + meson has been measured very accurately [18] :
from this value of the width it is possible to extract a value for the D * Dπ coupling [18] g A D * Dπ = 0.59 ± 0.08 .
From (1) we find the following radiative decay rate :
where we have used the branching ratio Br(D * + → D + γ) = (1.6 ± 0.4)% [19] . To one-loop in the chiral expansion and to order 1/m c we have [2, 3] :
where we have used the notation :
Eq. (5) includes vertex corrections for the β-term and field renormalization. Combining equation (3) and (4), we find two possible solutions for β d :
where we have used m Q = m c = 1.4 GeV. These values correspond to the bare values
Dropping the chiral corrections in (4) (β d = β) would give the result:
The values in (8) and (9) are consistent with those obtained in [5] . Both the first values of β in equations (8) and (9) are too low in order to agree with D * 0 data [5] . Thus, we are left with the second values of (8) and (9).
III. THE HEAVY LIGHT CHIRAL QUARK MODEL
In this section we will give a short description of the Heavy-Light Chiral Quark Model (HLχQM) to be used in this paper. The model is based on Heavy Quark Effective Theory (HQEFT), which is a systematic expansion in 1/m Q [17] (where m Q is m c in our case). The heavy quark field Q(x) is replaced with a "reduced" field, Q v (x), which is related to the full field the in following way:
where P ± are projection operators P ± = (1 ± γ · v)/2. The reduced field Q v annihilates heavy quarks. The Lagrangian for heavy quarks is :
where D µ is the covariant derivative containing the gluon field (eventually also the photon field), and
µν is the gluonic field tensors, and t a are the colour matrices. This chromo-magnetic term has a factor C M which is one at tree 4 level, but slightly modified by perturbative QCD effects below m Q . It has been calculated to next to leading order (NLO) [20, 21] . Furthermore, (iD ⊥ )
At tree level, C D = C K = 1. Here, C D is not modified by perturbative QCD, while C K is different from one due to perturbative QCD corrections [21] .
The Lagrangian for the HLχQM is
The first term is given in equation (11) (Note however, that only soft gluons are considered to be included in (12) ) . The light quark sector is described by the Chiral Quark Model (χQM) [8] , having a standard QCD term and a term describing interactions between quarks and (Goldstone) mesons:
Here m is the (SU(3)-invariant) constituent light quark mass and χ is the flavour rotated quark fields given by: respectively. The quantity ξ is a 3 by 3 matrix containing the (would be) Goldstone octet (π, K, η). In terms of ξ the vector and axial vector fields V µ and A µ in (13) are given by:
where f is the bare pion coupling, and Π is a 3 by 3 matrix which contains the Goldstone bosons π, K, η in the standard way. In (13) the quantity M q contains the current quark mass matrix M q and and the Goldstone fields through ξ:
The interaction between heavy meson fields and heavy quarks are described by the following Lagrangian :
where G H is a coupling constant, and H a is the heavy meson field containing a spin zero and spin one boson (a is a SU(3) flavour index):
5
The fields P a annihilates a heavy meson containing a heavy quark with velocity v.
Integrating out the quarks by using by using (11), (13) and (17), the lowest order chiral
where iD µ ba = iδ ba D µ − V µ ba and the axial coupling g A is of order 0.6. Eqs. (19) and (14) will be used for the chiral loop contributions. (Note that the eqs. (17) and (19) both contain an additional term [7] . These are, however, irrelevant in the present paper).
To obtain (19) from the HLχQM one encounters divergent loop integrals, which will be quadratic-, linear-and logarithmic divergent. Thus G in the Appendix, one finds the following relations between this mass-splitting and the gluon condensate via the chromomagnetic interaction in (11) [7] :
where
When calculating the soft gluon effects in terms of the gluon condensate, we follow [24] .
The gluon condensate is obtained by the replacement :
Soft gluons coupling to a heavy quark is suppressed by 1/m Q , since to leading order the vertex is proportional to v µ v ν G aµν = 0, v µ being the heavy quark velocity. We observe that the mass-splitting between H and H * sets the scale of the gluon condensate. Within the pure light sector, the gluon condensate contribution obtained by using (22) has apriori an arbitrary value. One may assume that it has the same value as in QCD sum rules, or it has 6 to be fitted to some effect, in our case the mass splitting between pseudoscalar and vector heavy mesons.
The 1/m Q corrections to the strong Lagrangian have been calculated in [7] . They may formally be put into spin dependent renormalization factors. This means that (19) 
and :
The chiral Lagrangian β-term has the form [4] :
where Q ξ = (ξ † Qξ + ξQξ † )/2, Q = diag(−2/3, −1/3, −1/3), and F is the electromagnetic filed tensor. The β term can be calculated in HLχQM, by considering the diagrams in figure 1 . These diagrams will be calculated following [24] , both for the gluon and the elec- the calculation of the rest of the diagrams we used the algebraic program FORM [25] . We obtained the following expression :
Using the relation (A5) for the logarithmic divergent integral I 2 , we obtain: Apriori one might hope that 1/m Q corrections stabilizes β for values of m in the range 190 to 250 MeV used in [7] . However, as seen in the following, this will not be the case. The 1/m Q corrections to β can be found by calculating the diagrams in figures 2 and 3. We find that the kinetic term in (11) give a negative contribution to β, and the chromomagnetic term a positive contribution. However, the kinetic term dominates in absolute value, and in total, 1/m Q corrections give a negative contribution to β for m below 250 MeV. Combining the leading order and the 1/m Q corrections we find :
, where
where τ β contains the result of the diagrams in the figures 2 and 3. A plot of β is shown in figure 5 . As we see, the result varies significantly with m. This is in contrast to other quantities studied in [7, 11] . We observe that the quantities studied in [7, 11] have contributions of zeroth order in m. In contrast, β is of order 1/m, which means that β is expected to be more sensitive to variations of m. The 1/m Q corrections are not sizeable, even if the charm quark is not very heavy. However, they pull in the wrong direction compared to the experimental value of order 2-3 GeV −1 . To obtain a value closer to the experimental value for β, we need a value for m higher than used in [7, 11] . However, this will lead to values of f B and f D which are too small . This can be compensated by using a higher value of the quark condensatethan the one obtained in QCD sum rules, which was the one used in [7, 11] . This might be acceptable because it is not clear that our model dependent quantitiesand fixed. This gives:
This term is unimportant for D * → Dγ because of the small current quark masses for the u, d quarks, but it gives a sizeable contribution to D * s → D s γ.
V. CONCLUSION
We have calculated the quantity β and found that it depends significantly on the constituent light quark mass m. To obtain a value close to the experimental one has to pick values on the high side (m= 250 to 300 MeV, say) compared to the values in [7, 11] , where m = 220 ± 30 MeV were used. We have redone the fits in [7, 11] at the price of a higher value of the quark condensatein the range −(250 to 270 MeV) 4 . The results are given 
f Ds /f D 1.18 ± 0.06 1.26 ± 0.04
in the tables I and II. For the case D * → Dγ we have found that (the bare) β = (2.5 ± 0.6) GeV −1 to be compared with β = (2.7 ± 0.20) GeV −1 extracted from experiment. constructing the HLχQM [7] .
To obtain (19) from the HLχQM one encounters divergent loop integrals, which will in general be quadratic-, linear-and logarithmic divergent. For the kinetic term we obtain the identification:
and for the axial vector term
